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This is the seventh of a $eries of reports Rt
covering an investigation of the general 7 s
instebility problem by the California Insti-- LT T
tute of Technologye. Tha first five reports RO
of this series cover investigations of the ~ . 1 .7
general instability probtlem under the load— o T T
.ing-conditions of pure bending and were : - o iy
prepared under the sponsorship of the Civil =~ e
Aerocnautics ‘Administration., This report and . ' =

succeeding reports of this .series cover tre _
work done on' other loading conditlons'under.
the sporsorship of the. Fational Advisory S
Committee for Aeronautics. R

SUMHARY S T

This report summarizes tha work that has heen : E
carried on in the experimental investigation of the prob— """
lem of the general instability of stiffened metal cyl— '
inders subjected to combined bending aand torsion &b the T s
C,I.T. This part of the investigzstion included %Ytests od T
26 sheet—covered specimens. ‘An ;nteractlon curve for the
case of combined bending and torsion is “‘presented. The

.results of tests of 17 gpecimens sub;ected to pure torsion ffﬂf
are also given, . . T _T ;;I:Ijx;::;
INTRODUCTION . : o —— =

It is intended %to give in this report e summary of : :Li
the experimental investigation of the general instabil1ﬁ,>

R 4
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of stiffened metal cylinders subjeected to combined bend— L
ing and torsion. The earlier work at the U,I1.T. on the L
Problem of the general ingtability of stiffened metal cyl— —

inders has been reported in referwnces 1, 2, 3, 4, 5, and LI
6, A total of 26 sheet—covered specimens has been tested -
to determine the effects .of combined loading and bending T
Plus torsion, and an additional 17 specimens have been .

tegted to determine the effects of a pure torgion lead, -
In the present report, the results of tests in combined e
bending and torsion are discussed. and the test data of

the pure torsion tests are also included.

TESTS IN COMBINED BENDING AND TORSIOH

'Testing Apparatus *

. 4 complete deseription of, the testing machine wused in
these tests is given 'in reference 2. This machine (fig. 1) -
ig adapted to the application of elther pure bending or pure R
torsion or any combination of bending and torsion, .

For the present tests, it was desircd to apply a uni- _;%
form bending and uniform torsion gimultanreously. The ratio L
of the two loads was different for different specimens, In - _ .=
order to apply uniform bending, the moment arms were connected
by an extra flexible aircraft cable attached at one end %o K
a loading gcrew which in tern wsas atbtached to a loading dyna—
mometers For the application of uniform torsion, one of the e
torgdion arms was fixed while the load was applied to the arm g
by means of a loading screw. o

Testing Procedure
The deSired.ioading required a gimultaneous applicattion

of bending and torsion, tho ratic of the two loads beilng
fixed by any given tegt. During the application of any load

increment the ratic of "bending t0o torsiovn wes closely main-— ‘
tained. This result was accompllished by proparing a load-— . .
ing schedule for each test and, by calling-out the bending T“_;;Er
load as it was applied, the two operators could maintain tho - -
proper logding ratio, ‘r__

The axial strain in the longitudinal stiffeners was ' I
moasured by megns of reslstance strain gages of l6—inch
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length, ‘These straim gages were mourted on the neutral .
axis. . of the: stiffeners’ End were also Hounted in-pairs =T =
one on each side” of tHe stiffencr %.in :order that tho - S
mean roading wouldi be-unaffected by bending, These straln
mensurements were haken at the center” of the speoimen,

~that is, the déenter of. the straln gage was placed at tho

centexr 'of the. cylinder. - : £ 00 B

Inasmuch as the gpecimen was sibjected to uniform
loadings, both bending and torsion, the unit exial sirain
for any loading increment -can ‘also be obtalned by measur—
ing thce mean strain over ‘the entire speelmen. The measurc-—
mente were obtaincd by meagsuring thoe over—all deformation ]
of the .specimen by means ~of a dial” gage mounted on a rigid —
rod, A sharp pointed fitting was attdched to one end of |
the rod and another to the .-dial plunger. Ingerting. these
pointed fittings into punch marks on. tlc mouwdting ring noar )
the surface of the- specimen allowcd consistdnt measursments’ S
of the over—all deformstion to bo- obtained for sach load By
increment.

‘In order to investigate the complete Tange of the ==
-ratios. of bending to torsion, a specimen was First tosted .
-under Ppure. torsionand the ratic of bending to shoar ‘was
then: increcased in subsequent tests. The: ultlmato'strengtﬁ B
ln pure -bending was ‘obtained’ from the experimental curvo
of thd pure bendlng tests glvan 1n refcrence 5 o

Results of Gombinod Loadlng - T
.For the 1nvostigatinn of. combined loadlngs only threc —

types of eylindsrs were. ‘tested, namely, two saries that™ h
had-5 framec spacing of 4 1nches and a lorgitudinal stiff-—

ness spacing of 5,06 .and 2.53 inches- in wiich the frames

were Fg - and tho- longitudinals Sgz; and a: scries that
. had- a: frame spacing: and longitudinal stiffness spacing -
of 4 and 2,53 inches, respectively, in which the frames =~ 77
were PF_ and the longitudinals S,;., The frame end longi-
tudinal crosgé scctions are shown in figuro 2 and tho po-—
sltions of the dial strainwgages is indicated in figure 3,
It was felt that throe tymios. of crylinders would be suffi-— ' -
cient to dotermine the dopendencc of the failing load on
tho ratioc of the combined loading, The cxperimental data

for all test specimens are given in uable I. T

Tho comprossive unit strain - for the longitudinal
farthest from the ncutral axis as a function of the applicd
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bending moment is shown for. tho varlous togts in figurcs
4 to 28+  The resulting unit strgin as obtaincd from the
rosistance strain gagos and the unit strain obtgined

- from the dial—gage moasurements are indicated in each
figuroc. Theso results indicate that, in genoral, fair
agreement is obtalned betweon these two typos of moasure—
ments, In only a few tests is the agrocement exacte.

The variation of the.stiffensr strain ar ound fhe
circumfercence as a function of thp epplied load is anlso
shown for .a number of specimens (figs. 4, 5, 7, 8, 11,
12, 15, end 17). The circumfercntial position of the
various gages is indicated in figure 3. Tho rosults .
of these tests have been cross—plotted in figures 29 to
35 to indicate the distribution of normal stiffener gtrain
for increasing loads as g function of the distance fronm.
the horizontal axis. The results-of figurc 29 indicate
that the torsional lcad results in a sccondary compros—
sive strain of nearly constant magnltude. -

Under a condition of pure bending, a shift in tho
neutral axes towardstho temsion side occurs -when com—
pression buckling of the sheet. takes place, The second—
ary compressive. strain causes a farther shift. In par-
tilcular, when the ratio of bending to torsion is small,
the distribution oﬁésurain wlll bo compressive in naturo
over the entire specimen (fig. 30). This secondat'y com—
pression strain is praobably sntirely due to the diagonal
tension field that dovelops in the sheet covering.

The ultimate stress at failure has besn presentod
in the faorm of the well—known interaction curves; that
is,” o/o, 1is plotted as a function of T/T, -where o
.is the normal compression stress at fgilure for combined
loading and Oy is the same stress at. failure for pure
bending, and similarly, T ahd T, are thoe shearing
stresses at fallure for combincd lvading ard purc btorsion,
respectively., THe . ghcaring strossps are computed by the
equation ' : : s

M
T = e
2 4t

where . - S e

M - applied.torque, pounds’
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A areg énclosed by the dheed covering,-square ilanches
t sheet thickness, inches

Two sets of data aro shown. The first set (fig. 36)

corresponds to sitresscs as measured by the resistance

strain gagoes and the second set (fig. 37) to the stresses

as obtained from the dial-gage measurements, In either _ -
case g considerable amocunt of scatter is evident, The T T

interaction equations of the form - - —
\R \E
CIRICARE )
o ‘NTo
T\a ' _
oo * | A ()

are compared with the experimental resultse. Figure 36
indicates that for the ‘resistance straln—gage measure—

ments about two—thirds of the test volues lie fairly . i}
closc t.0 the curve of eguation (2); whereas the majority .
of the dial—gngo measurcments scatter aboub the curve of

equation (l1). It should be noted that for the pure bend—

ing specimen (spécimen 159), the sbrain at failure mees— T
ured by -the resistance strain gages is cdnsiderably lower .
than the strain of the preccding combined loading speci—- -
mons., For this reason a failiag strain of 0.0019 was )
used to determine o . This volue was obbtained from the = "7
pure bending paramefer and ag reos fairly well. w1th the : SRR
diel gago reading. . = .

-~ . . =

PURE TORSIOH

So far, the investigation has covered the ultimate
strength of reianforced cylinders under'purehcn¢ing and
the influence of combined loadings; that is, combined
bending and tremnsverse shear and combined bending and -
torsion, In order to use this data for design purposes, . ==
it is still necessary to determine the ultimste strongth - T
of reinforccd cylinders whon loaded in pure shear, that o C
is, a purc torsion logding. Tocsts of this nature are
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necessary in order to dicertain the value of T/T,
for any given design problem,

An gttempt will be made to determine a suitable -
sheagr paraméter in & nanner sgimilar to thgt tged to - e
determine the pure bending varameter, This method : -—
requiresg w.systamgbtic investigation of the variables - e — =
dealing wifth the geometry of the gtructure and the —
variables that involve the sectional properties of the _ e
stiffening elements as well as -the sheet covering; - ; '
Seventeen pure torsion tests have been completed and the =
specimens and test data for these tests are given in —
table-II. Additional tesbing is necessary before an =
- gnelysis of the data can be: attempted. Photographs e
(figs. 38 to 44) show a number of .apégimens after fail-—
ures For purposes of comparison, photographs are in— =
cluded of specimens in combined bdnding and torsion,

OONCLUSIONS -

(L} Inasmuch as the specimséns were built angd - -
tested with the usual care of experimental work, it is - il
felt that ‘similar structures built undor productlon ¢on—
ditionsg would be subJject to at lesst the same variations :
of ultimeate strength as the specimens that were tested, L
The experimental results Of the tests in combined bend— A S
ing and torsion are. therefore-c¢onsidered satisfactory
in that they indicate bhe'lcwer“streﬁgth limit which _
can be expected in practice., It is seen from figures -
2 and’'8 that- equat*on (2) descrlbed this lowen_llmit
fairiy well,

(2) Additional testing is necgessary before an T
gnalysis of the dsta on pure torsion can be atteampted,

Guggenheim Aeronsutical Laboratory, ; . ..
California Institute of Techndlogy, .. - =
Pasadena, Calif., Fab, 18 1343, :
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- TABLE I
COMBINAD BENDING AND TORSION

Boec~ | Sheet | " . . ~ 4.8%tiffw | Freme {Longitu~ | Torsion | Ultimate| Ultimate | Compresgive | Shear
O | e | Baing | Brae | 0°7 | Thoon | ML 1| bending) Deding |torsional | eirein o0 [hrose ot
. AU ID : ) . ] - N * LERE SPELLIE WO GLL Y ANCUUSLL v dHiLurl'y . LEaLLure

(1n%) (in.) . i_(in.) (in.) (1ne=1b) | (in.-1b) | (in./in.) (lb/sq_in.)
C 189 | W00 - 160 {FF. | S5 | 4 -J).5.06 | Torsion}. .. 0 1070x 10° | 5.60x 1077]  66%0
150 bolooA 3 Sk A A 5/1 | 216% 10°[1080 | 7.6 6710
1h1 IR b 3 3/1 1287 860 7.12 5340
152 pl1 ure- o5 10,70 - 5870
15 , 11 {0 | 770 1345, 4780
15 " 1/1.5 | 900 {600 - |1R.6 - - | 3730
155 _ 1/2  [1000 00 18.6 = &, 3110
156 g ) _ /2,5 pigs 470 . 184057 2920
157 .. S A 1/3 41150 - | 385 16.2 - - 2390
158 2 PR R £ 1735 p21o 1 388 0 - L 16.7 0 TIt. | 2200
159 , = b | Bending 1400, _ 0 16,0 ' 0
160 - e s | 1/1.5 | 875 5% ey 3620
161 5.06 1/5 (1200 . ] 240 16,3 1490
162 2453 Torsion 0 1300 1 2.12 8080
163 ; . iy 1/1 {820 820 7.00 5100
164 : 2fL 1575 " [Ju1s0 5a27 7150
165 . 1/2 1390 - 695 110,95 4320
166 1/3 -p900 - -{ 633 14,00 3930
" 167 1/5 “lesto”. 1] 508, 17.6 3160
168 1/2 1560~ 800 12.5° ko970
169 Y 1/1 po50°. 050 | 9.k 6520

170 Sz 2/1 | 550 11,00 | F.25 6840
171 ] S, | Torsion| O, 1165 1.85 7360
172 . : 8 1/ | 900 900 1 9.75 5590
173 \ \ ¥ ¢ \ ¥ 1/2  |1280 6L5 14.10 010
17% | .o10 16 ¥, Sy 11 2.53 1/ 1280 kg0 21. o 2860

L) » L) » L

SOR G0N TBYITU2 0L VOV¥N

116-




] P L] A a
TABTE II
PUHE TORSION
Shest Badius ¥rame | Stiffemner | Ultimate Shear
Specimen | thickness Frame | Stiffener | spacing ppacing torsion stress at
N . moment failure
(in.) (in.) (1n.) (1n.=1b) | (1d/eq in.)
, . .

175 +010 16 Ty 83 8 2.53 800 Lo75
176 010 \ h 2 2.53 1600 9950
177 015 16 506 500 2070
178 015 g 750 100
179 015 b 1090 20
120 .015, 2 1700 7050
181, 020 16 730 2270
182 .020 g L 925 2870
183 .020 Y 1350 4200
184 .020 2 5606 2335 7240
185 015 10 8 5425 380 1070
1§A MR 1n L £ nE 620 AEZ0D
A oL ) St o ) WA hatiuthaid
187 015 10 2 5a25 890 9440
189 010 16 32 10,12 . 130 B10
190 010 16 10,12 250 1555
191 - 010 I | \ g 10,12 410 2550
192 ,010 16 e 8, 4 10.12 676 k200

*ON 910K T®OTUYORF TOVK

. T16
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e

. e, - i W TR A y .
Figure l.— Testing machine used to apply elther pure bending

or pure torsion or any combination of bending oI

torsion.

.

Figure 44.— Pure torsion.
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AREA=.0324 Iy =.000374 AREA =,0368 Iy =.000407
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L—.366->-
FRAME - F;
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Pigure 2,-

Frame and loagitudinal cross sectlons used on specimens.
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TENSION

' O
COMPRESSION
32 IN. DIAMETER

Figure 3.- Cross section of cylinder showing posltion of the dial strain
gages on the circumference. .
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Figure 38.— Pure torsion.

Figure 39.— Combined bending and torsion.
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Figure 40.~ Combined bending and torsiomn.

Figure 41l1l.~ Pure torsion.
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Pure torsion.

Figure 43.
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Figure 43.~ Pure torsion.



